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AN EVALUATION OF A MODEL 
FOR AN INJECTION LASER 
By 
Katherine Anne Biecet 
ABSTRACT 
A computer model of the equivalent circuit of a 
semiconductor laser is evaluated.  This model is derived 
from the single mode rate equations.  The computer model 
successfully predicts the general pulse shape of the light 
output, including its timing delay and pattern dependence. 
By manipulating the device parameters in the computer model, 
the light output pulse of a different laser structure is 
also simulated. 
1.  INTRODUCTION 
A typical system for lightwave communications includes 
laser transmitters, receivers, repeaters, and, of course, 
optical fiber.  A transmitter converts a digitized 
electrical signal into a corresponding sequence of light 
pulses.  The light pulses emitted by the laser are coupled 
into an optical fiber which carries the optical signal to a 
receiver.  The receiver then transforms the signal back into 
electrical signals.  The appeal of this system lies in its 
ability to transfer large amounts of information over a 
secure medium which is immune to electro-magnetic 
interference. 
Fiber optic systems are often described in terms of 
their data carrying capacity or bit rates.  A "bit" of 
information either contains light (a logical one) or it does 
not (a logical zero).  As the bit rates continue to climb, 
the demands on the electronic circuitry associated with the 
transmitter become more stringent because the optical pulse 
i. 
must be turned on and off unambiguously in a shorter time 
interval.  Computer simulation then becomes important to the 
design effort. 
The absence of an available circuit model for the laser 
hinders the computer simulation of the laser transmitter. 
As a rough approximation, a resistor can be substituted for 
the laser, but this does not model the laser's nonlinear 
behavior. 
This paper discusses the incorporation of a laser 
equivalent circuit model developed by R. S. Tucker [1] into 
the ADVJICE [2] circuit simulation program (ADVICE is AT&T 
Bell Laboratories' version of SPICE).  Tucker's model is 
extended by incorporating a model of the electronic 
circuitry associated with the laser transmitter.  A 
comparison is then made between the computer predicted light 
output and actual experimental results.  The combined 
laser/transmitter model has the advantage of properly 
simulating the transmitter's performance under actual data 
transmission conditions.  The author also attempted to show 
that by modifying the laser's original equivalent circuit 
the resulting laser model then also reflects the behavior of 
other laser structures. 
1.1  BASIC FEATURES OF LASER TRANSMITTER CIRCUITS 
Since a model of the lightwave transmitter's electronic 
circuitry will be used to exercise the laser model, a number 
of important features of lasers and transmitters will be 
described here.  Figure 1 illustrates a typical light output 
versus current characteristic.  Because of the timing delay 
associated with the charging of. the space charge region 
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capacitance of the laser's PN junction, the laser is 
generally supplied with a dc offset bias current.  The 
current modulation superimposed on the dc bias provides the 
sequence of light pulses. 
The two techniques most often used to achieve current 
modulation are shown in Figures 2a and 2b.  Both techniques 
are based on emitter-coupled logic (ECL), which is capable 
of very high speed due to the fact that the transistors do 
not saturate in this circuit configuration.  In addition, 
this current steered logic provides a current source for the 
laser, thus yielding a safe and convenient means of 
providing power to the laser. 
Figure 2a illustrates an emitter-coupled pair operated 
with one base at a reference voltage Vref while the other 
base is pulsed with the data signal.  This type of switching 
is referred to as single-sided switching.  When DATA and 
DATA are simultaneously supplied to the bases of the 
emitter-coupled pair (Figure 2b), switching occurs much 
faster.  This differential switching is also referred to as 
two-sided switching. 
The basic transmitter which evolves from this biasing 
technique is shown in block diagram form in Figure 3, which 
includes a feedback circuit to adjust the dc bias in order 
to maintain the average optical power at a constant value. 
In this circuit the optical power emitted by the laser is 
4 , 
sensed by a photodiode, which controls a second current 
{source to maintain a predetermined level of light output. 
Thus, this circuit compensates for the laser's decreased 
output due to aging and due to the laser's decreased light 
output at elevated temperatures. 
2.  LASER CHARACTERISTICS 
The term laser is an acronym for the expression "light 
amplification by stimulated emission of radiation." The 
material in chapter 2 describes the phenomena associated 
with a laser.  Topics discussed include spontaneous 
emission, stimulated emission, population inversion, laser 
structures, and single and multimode laser action. 
)2.1  SPONTANEOUS EMISSION 
f I 
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Spontaneous emission occurs when an electron falls from 
an unstable high energy state to a more stable low energy 
state, thereby emitting a photon.  The randomly oriented 
emission is identical in all directions.  Consequently, the 
intensity of the beam emitted from the semiconductor in any 
I; "~ 
one direction is low.  Spontaneous emission occurs in the 
inherently low-power light emitting diodes (LED) and in 
lasers operated below threshold.  Lasers operated above 
threshold produce a more powerful beam of light.  This 
behavior is based on a process referre4 to as stimulated 
emission. 
2.2  STIMULATED EMISSION 
Stimulated emission relies on a phenomenon known as 
population inversion.  When the density of electrons is 
greater in the high energy state, the population is 
considered inverted. The majority of electrons reside in 
the less stable high energy state rather than in the more 
stable low energy state due to the energy supplied by the 
electric power source. 
If a photon whose frequency corresponds to that 
associated with the particular energy gap interacts with an 
electron in the high energy state, the electron is 
stimulated to fall to a lower energy and to radiate a 
photon.  The rajdiated photon has the same energy and phase 
as the original photon.  Thus, the original wave is 
amplified.  These photons are reflected back into the 
optical cavity formed by the physical and metallurgical 
boundaries of the laser structure, and each photon 
stimulates an electron to radiate another photon.  The 
resulting beam of light is strong in comparison to that 
produced by spontaneous emission and is highly directional. 
In addition, the beam has a very narrow bandwidth. 
2.3  LASER STRUCTURES 
Figure 4 illustrates the basic structure of a 
semiconductor laser.  The mirrors on two of the parallel 
faces- guarantee optical feedback within the laser structure. 
One mirrolr is only partially transparent, thus providing the 
necessary light for the optical amplification and providing 
light for the optical application. 
The two types of lasers used in this study to evaluate 
the laser model are referred to as 10pm "deep" and 5pm 
"shallow." Figures 5a and 5b show the general structures for 
these two devices.  The values lOum and 5um refer to the 
active emitting width (w) of the laser.  If the thicknesses 
of the two active regions (d) are the same and the lengths 
of the two laser cavities (L) are the same, then the volume 
of the 5wm shallow's active region is one-half the volume of 
the lOum deep's active region. 
The terms "deep" and "shallow" refer to the depth of 
the proton bombardment.  The proton bombardment results in 
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increasing the resistivity of the bombarded material. 
Consequently, the current supplied to the laser is confined 
to the center region.  In a "shallow" device the proton 
bombardment ends above the active region.  However, in a 
"deep" device the proton bombardment extends beyond the 
active region. 
2.4  SINGLE MODE AND MULTIMODE LASERS 
The emitted light is characterized by describing its 
"longitudinal" and "transverse" properties.  The light is 
characterized longitudinally by plotting the relative 
intensity versus the wavelength.  Figure 6a illustrates a 
wavelength spectra for a laser which emits a beam of light 
at a single frequency.  This laser is referred to as single 
8 ; 
mode.  If the laser emits beams of light at several 
frequencies as in Figure 6b, the laser is called multimode. 
If the relative intensity of the laser's dominant wavelength 
exceeds twice that of the secondary modes, the laser behaves 
like a single mode device (Figure 6c). 
2.5  EXPERIMENTAL WAVELENGTH SPECTRA 
The longitudinal wavelength spectra for the three 
different lO^im deep lasers utilized in this experiment are 
shown in Figures 7, 8, and 9.  It is apparent that the 
harmonic content of these lasers is quite different for each 
of them, although in each case the harmonic output is very 
close to the peak radiation wavelength.  Although these are 
multimode lasers, they will tend to behave like single mode 
devices as described above in Section 2.4. 
3.  EYE DIAGRAM 
An eye diagram is an oscilloscope display of a data 
stream with the oscilloscope periodically triggered by an 
external clock source.  However, since the data stream is 
random, the clock source triggers the oscilloscope to 
display many different sequences of ones and zeros.  The 
oscilloscope simultaneously displays the data sequences from 
each triggering.  This results in superimposing various 
sequences of ones and zeros one on top of another.  Figure 
10a illustrates portions of a data stream being 
superimposed.  In Figure 10a sixteen combinations of four 
bits of information are superimposed.  Two patterns (1000 
i      "       '    i 1 
and 0111) are emphasized by circles and triangles, 
respectively.  Such superimposed data streams give the 
appearance of a human eye and are referred to as "eye 
diagrams." 
Low pass filtering of the data stream before displaying 
I 
it on the oscilloscope results in a filtered optical eye as 
shown in Figure 10b.  Any pulse whose optical intensity is 
greater than the intensity associated with the decision 
level is interpreted as an optical one.  A poorly degraded 
data stream gives rise to a nearly closed eye diagram.  A 
perfect data stream would appear as a rectangle.  Thus, an 
eye diagram can be used to obtain qualitative information 
about the relative perfection of the laser's performance. 
10 
Positive eye degradation (PED) refers to a reduction of 
the part of the eye which is interpreted as an optical one. 
Conversely, negative eye degradation (NED) refers to a 
reduction of the part of the eye which is interpreted as an 
optical zero.  If the PED and NED, which are expressed as 
percents of the total eye opening, are large, then the 
receiver is apt to make,errors and misinterpret ones for 
zeros and vice versa. 
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4.  LASER MODEL 
t 
Tne laser equivalent circuit model developed by R. S. 
Tucr.^t is shown in Figure 11.  Tnis model is based on the 
single mode rate equations below [3], [4] 
<*va a? - "t-gs (i) 
dS        Sc*va 
*
va St ' *S  ' -*T  + PJe (2) 
where the diode terminal current is I, the optical gain is 
g, the photon density in the active layer is S, the photon 
i 
lifetime is T  .   and the fraction of spontaneous emission 
coupled into the lasing mode is B. 
Tne rate equations are simply a statement of the 
conservation of energy.  The energy is transferred back and 
forth between being in the form of light and providing 
t 
additional energy to electrons.  In the most general form, 
the term gS, which appears in both Equations (1) and (2) 
n 
would consist of a summation ( i  g  s ) indicating the 
m=l    m i 
multiplicity of modes.  By assuming the device is single 
mode, the summation reduces to a single term.  Without this 
assumption, the rate equations must be solved directly and 
the derivation of an equivalent circuit model becomes nearly 
impossible. 
Tucker defined I  as "the total diode current due to 
12 
spontaneous recombination" 13] where 
It = I^blJ. (3) 
Rearranging Equation (1) and incorporating Equation (3) into 
Equation (1) yields 
I = I1+blJ+qva ^+GS. (4) 
From Reference [5J I, is defined as 
II  = qvan/r, ns (5) 
Incorporating Equation (5) and the space charge capacitance 
(C ) due to the PN junction into Equation (4) yields 
I = I1+bi;+irns 
dl 
J 
dt" +C. 
av3 
dt +GS n (6) 
where b is a constant, v  is the volume of the active region 
and V- is the voltage across the PN junction. j 
By applying similar substitutions, Equation (2) evolves 
into [1] 
GSn+B(aIi+bI^ = JJD+C 
P * 
dS. n 
dt (7) 
Coupling Equations (6) and (7) and applying Kirchoff's 
current law yields the laser model shown in Figure 11.  The 
input is shown as I and V, where I is the total current 
supplied to the structure and V is the voltage across it. 
■13 
The model's light output (V  ) is the voltage across R , 
where 
P   P P 
and 
Cp - <JVasc.  , 
S  is a normalization constant.  Ier. as shown in Figure 11 
is pie, where Ie is "the diode current due to the radiative 
spontaneous recombination" as shown below [3] 
Ie = al-L + bl\. 
The light outputs at various biasing conditions can be 
compared for relative changes.  However, the magnitude of 
V  is not directly analogous to an output power. 
Finally, the device parameters used to characterize the 
laser differ from device to device.  However, the default 
values utilized and shown in Table 1 were acquired from 
Reference [5].  A similar set of values were developed by 
Joyce and Dixon [6]. 
' i 
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5.  EXPERIMENTAL RESULTS 
Cnapter 5 discusses the experimental results associated 
with the laser model.  In particular, the experimental 
results are compared to computer predicted light outputs. 
The lOum deep proton bombarded lasers are pulsed utilizing 
the two techniques described in Section 1.1.  Tne two 
methods used to pulse the laser were single-sided and two- 
sided switching.  In addition, the laser was provided witn a 
dc bias current.  The laser model is modulated using the 
same two methods. 
Although three lOum deep lasers were used to evaluate 
the laser model, the results for all three lasers were so 
similar (see Figures 7, 8, and 9) that only the results for 
Laser #2 will be included in this paper (Figures 13 and 14). 
Modifications are made to the laser model so that it 
also predicts the light output of a 5pm shallow device. 
Again, the computer predicted and experimental light outputs 
are compared. 
5.1  COMPUTER GENERATED LIGHT VERSUS CURRENT CHARACTERISTIC 
The light versus current (LI) characteristic is 
achieved by supplying a variable current source to the laser 
model as shown on the inset in Figure 1.  Tne computer 
predicted LI curve closely reflects the shape of a typical 
15 
LI curve.  The model's default threshold current is 100 mA. 
The laser model's slope efficiency, which is the slope of 
the LI curve above threshold, is approximately .05 V/mA 
across an R of 29.4 ohms (Figure 12). 
5.2  THRESHOLD ADJUSTMENT 
Obviously, not all devices have a threshold of 100 mA. 
Two approaches to this problem have been pursued.  The first 
approach involves normalizing the threshold current to the 
default value of 100 mA.  For instance, an actual device 
with a threshold of 90 mA may be supplied with 85 mA of dc 
bias and modulated with 15 mA of modulation current.  This 
corresponds to biasing the laser to 5 mA below threshold 
while modulating to 10 mA above threshold.  As a result, if 
the 100 mA default laser model is biased to 95 mA and 
modulated with 15 mA of modulation current, its behavior 
should reflect the behavior of the actual device even though 
the precise threshold values do not correspond.  This 
approach is further illustrated later in section 5.4. 
The second technique involves actually altering the 
laser model so that the threshold and the slope efficiency 
closely reflect the values measured for a particular device. 
By increasing or decreasing the laser! model's parameter, Rp, 
the threshold is decreased or increased, respectively.  For 
example, if a laser has a threshold of approximately 105 mA, 
16 
Rp would be decreased from its nominal value of 29.4D to 
24.ID as shown in Figure 12.  The voltage which corresponds 
to the light output appears across Rp.  Altering Rp to 
achieve the desired threshold results in changing the laser 
model's slope efficiency.  The slope efficiency of the laser 
model can be adjusted by forcing the output voltage (Vsn) to 
drive a Voltage Controlled Voltage Source (VCVS) which 
includes an appropriate scaling factor.  Throughout the 
remainder of this paper, the threshold dilemma is handled by 
normalizing to a threshold current of 100 mA (the first 
technique mentioned). 
5.3 p ADJUSTMENT 
In general, the laser's threshold current is not the 
only parameter which varies from device to device. 
Consequently, the author chose to make B an adjustable 
parameter.  This parameter is the "fraction of spontaneous 
emission coupled into the lasing mode." [3] Clearly, this 
varies from device to device. 
5.4  PULSE SHAPES 
Each laser was supplied with a dc bias current and a 
modulation current. The total current supplied to the laser 
remained constant. As the modulation current was increased, 
the dc bias current was decreased appropriately, maintaining 
a constant peak optical output power. 
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The experimental pulse shapes for Laser #2 are shown in 
Figures 13 and 14 for single-sided and two-sided switching, 
respectively. 
The computer predicted pulse shapes for Laser #2 are 
shown in Figure 15 for single-sided switching and Figure 16 
for two-sided switching.  Each figure illustrating the 
computer predicted results only showed three biasing 
conditions.  However, the author explored the results 
associated with seven biasing conditions.  The first 
condition involved supplying a prebias current of 100 mA and 
a modulation current of 7 mA.  The prebias current was 
decreased in intervals of 10 mA while the modulation current 
was increased in intervals of 10 mA.  The seventh biasing 
condition required a prebias current of 40 mA and a 
modulation current of 67 mA. 
The computer predicted pulse shapes seem to imitate the 
experimental results in general shape, pulse duration and 
magnitude of relaxation oscillation.  The relaxation 
oscillation shown in the output pulse results when large 
numbers of electrons in the laser cavity are forced into a 
high energy state, then fall to a low energy state and emit 
a photon, and then are stimulated to a high energy state 
again.  Eventually, the system reaches a steady state 
condition where the number of electrons going to and from 
the high energy state is equal. 
18 
In the next section, the degree of correlation between 
the calculated, computer predicted, and experimental timing 
- 4.--S'" 
delays will be further analyzed. 
5.5  TIMING DELAY 
This section discusses the timing delay associated with 
biasing a laser below threshold.  The laser's timing delay 
is approximated by the equation (7] 
td=trsp ln[(l-lpb)/(I-Ith)] (8) 
where V      is the spontaneous lifetime of the carriers, I is 
the total current applied to the laser, Ipb is the dc bias 
current supplied to the laser, Imod is the modulation 
current, and Ith refers to the threshold current.  By 
substituting Imod + Ipb for I in Equation (8), the timing 
delay expression becomes [7] 
td=rsp ln[Imod/(I-Ith)] (9) 
The results obtained from the computer model, from the 
experiments, and calculated from Equation (8) are compared 
to establish the degree of correlation. 
Two experimental techniques are used to determine the 
timing delay.  The first technique measures the pulse width 
of the light output.  The pulse width refers to the time 
interval from the 50% point of the pulse's leading edge to 
the 50% point of the pulse's falling edge.  When the laser 
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is biased at threshold the pulse width is a maximum, which 
implies no timing delay.  As the dc bias is decreased to 
below threshold, the pulse width decreases.  By comparing 
these pulse widths the timing delay can be determined by 
subtracting the pulse width of the laser biased at threshold 
minus the pulse width of the laser biased below threshold. 
The second technique uses the position of the initial spike 
of the pulse as a criterion.  When the laser is biased at 
threshold, the 50% point of the initial, spike of a 
particular pulse contained within a sequence will occur at a 
specific instance in time.  As the laser is biased below 
threshold, time elapses before the initial spike of that 
specific pulse occurs, which corresponds to the time delay. 
Three lOum deep lasers were used to determine the 
experimental time delay.  Each laser was pulsed using     \ 
single-sided and two-sided switching.  For each switching 
technique the timing delay was evaluated using the 
aforementioned pulse width and initial spike techniques. 
Again, only the results for Laser #2 will be presented. 
Table 2 illustrates the calculated, computer predicted, 
and experimental results for Laser #2 using the pulse width 
measurement technique.  The laser was biased at various 
points, as described in Section 5.4, and was subjected to 
single-sided switching.  A plot of the data contained in 
Table 2 is shown in Figure 17. 
20 
Table 3 illustrates the calculated, computer predicted, 
and experimental results for Laser #2 using the initial 
spike measurement technique.  The laser was subjected to 
single-sided switching.  A plot of the data contained in the 
table is shown in Figure 18. 
The plots indicate that the computer predicted time 
delay for single-sided switching corresponds to both the 
calculated and experimental results.  For the calculation, a 
typical value of 2.25 ns was used for the spontaneous 
lifetime (tr ) .  in reality, this quantity varies from 
s>p 
device to device.  The plots indicate that t  may actually sp 
be slightly less than the typical value used. 
Table 4 shows the calculated, computer predicted, and 
experimental results for two-sided switching based on the 
i 
pulse width measurement technique.  These results are shown 
schematically in Figure 19. 
Utilizing the initial spike measurement technique 
results in the data shown in Table 5 for two-sided 
switching.  The tabular results are shown schematically in 
Figure 20. 
The plots for the lasers pulsed using two-sided 
switching show more dramatically that the value assumed for 
T  may have been incorrect.  The value for f__ was revised by o w 
for Laser #2 and the time delay re-evaluated using the pulse 
21 
width measurement technique.  From Tables 4 and 5, the 
average time delay (td) is approximately equal to 1.2 ns 
when Ipb is 80 mA.  Substitution of this data into Equation 
(8) results in a tr  of .89 ns.  The model was revised to sp 
incorporate this new value and the pulses are shown in 
Figure 21.  The results, which are shown in Table 6, are 
shown schematically in Figure 22.  The degree of correlation 
between the calculated, computer predicted and experimental 
results has improved dramatically.  As expected, the 
measurement technique did not significantly alter the 
results. 
5.6  PATTERN DEPENDENCE 
Pattern dependence is a phenomenon where a particular 
bit of information relies on the preceding bits of 
information.  For instance, if a long stream of zeros 
precedes an optical one, the optical one will attain a lower 
relative intensity than if the optical one had been preceded 
by a stream of ones.  This is a result of the time delay 
associated with pulsing the laser.  This phenomenon is shown 
in Figure 23a.  The data stream illustrates that the 
relative heights of the pulses differ slightly.  Figure 23b 
shows that the computer model predicts this phenomenon. 
22 
5.7  EYE DIAGRAMS 
The author developed a Fortran program which produces 
the break points for the input data in a form suitable for 
the ADVICE program.  The Fortran program prompts the user 
for pulse width time, rise/fall time, and pulse pattern 
(sequence of ones and zeros).  The user can either use the 
default pattern or input another sequence.  The 
aforementioned program quickly provides data input so that 
the computer model can be modulated at different bit rates. 
The author achieved computer predicted eye diagrams by 
a brute force technique.  A transient analysis was performed 
on the computer model at various time intervals.  After 
performing the transient analysis, the time points in the 
output file were translated such that the first data point 
occurred at t=0.  Finally, this assortment of output files 
was plotted one on top of the other resulting in an eye 
diagram as shown in Figure 24. 
5.8 Modelling the 5um Shallow Device 
The volume of the active region for a 5um shallow laser 
is one-half that of a lOum deep laser as described 
previously in Section 2.4.  In order to modify the laser 
model, the terms which are dependent upon the volume of the 
active region were altered to reflect the 50% reduction. 
The gain (G) depends upon the volume of the active region as 
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shown below [10]: 
G = D 4xl026 _ ixlO^      + !x 
va    x   V^ 
a 
(10) 
where 
Vx = alx + bl£ (11) 
The constant b is also dependent upon V_ where [3] 
Ct 
b * 
Bl ^s (12) 
B, is a constant and tr_  is the spontaneous lifetime of the 
carriers and is related to t and tr by 
n     s J 
• 
1
  = f-1 + r"1 
ns n (13) 
where tr is the nonradiative recombination lifetime and t\, 
n s 
is the low-level injection spontaneous recombination 
lifetime. 
The light versus current (LI) curve which resulted due 
to the aforementioned alterations indicated a threshold 
current for the 5um shallow laser which was one-half that of 
the lOum deep laser.  In reality, though, the threshold 
currents for a 5um shallow and a lOum deep laser which are 
similar in all other respects have similar thresholds.  "The 
important property of shallow bombardment is that narrowing 
24 
the stripe width does not increase (and actually slightly 
decreases) the average laser threshold." [11] 
The model takes into account the fact that the volumes 
and consequently the current densities have been altered.  A 
device must achieve a particular current density in order to 
"lase." If the injected currents are the same for both 
devices, then the current density for the 5um shallow laser 
will be twice that of the lOum deep laser. 
The modified model does not account for the leakage 
path present in the 5um shallow laser.  Figure 5a 
illustrates that the injected current in the lOum deep laser 
is confined by proton bombardment until reaching the active 
region.  Figure 5b illustrates that the proton bombarded 
region for the 5um shallow device ends prior to the active 
region.  Consequently, the injected current can diffuse 
laterally, resulting in a reduction in the current density 
in the active region. 
An additional current source was incorporated into the 
output stage of the laser model to account for this leakage 
path (Figure 25).  Since the leakage path reduces the 
current density and consequently the gain of the device, the 
added current source was made dependent upon the current 
source labeled I  where [3] 
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Ig = GSn. (13) 
The scaling factor for the current dependent current source 
was adjusted until the threshold for the 5um shallow device 
was slightly less than the value for the lOum deep.  (The 
author adjusted for an I . of approximately 80 mA). 
The LI curve for the 5um shallow laser model is shown 
in Figure 26.  Comparison of Figure 26 to the LI curve for 
the lOum deep laser (Figure 12) shows that the amount of 
spontaneous emission for the 5um shallow laser is greater 
than for the lOum deep laser. 
The 5um shallow lasers were subjected to single-sided 
switching.  The experimental results for three of the 
biasing conditions are shown in Figure 27, while the 
computer predicted results are shown in Figure 28.  Without 
going into the detail that was done for the lOum laser, the 
model appears to successfully predict the general pulse 
shape and timing delay for a 5ura shallow device.  The B term 
for the 5pm shallow laser is larger than that for the lOum 
deep laser.  In addition, the larger B has the added effect 
of damping out the relaxation oscillation faster yielding a 
smoother output pulse as shown in Figure 27. 
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6.  CONCLUSION 
Within this text, a computer model of a laser and 
associated electronic circuitry was shown to closely 
approximate both the theoretical and the experimental 
results.  The computer model successfully predicted the 
general pulse shape and pattern dependence of a 10pm deep 
proton bombarded laser's optical output. 
A comparison was made between the calculated, computer 
predicted, and experimental results for the timing delay 
associated with pulsing a laser.  Although the results 
differed slightly, especially in the two-sided switching 
case, the author deduced that this discrepancy was due to 
the default value used for the spontaneous lifetime of the 
carriers (t).  By adjusting this parameter the calculated sp 
results corresponded well with the computer predicted and 
experimental results. 
A method for generating computer predicted eye diagrams 
was presented. These eye diagrams closely reflect the shape 
of a typical eye diagram. 
By adjusting the value used for the volume of the 
active region, the model successfully predicted the general 
pulse shape for the light output of a 5um shallow device. 
In conclusion, a model of this sort will be extremely 
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helpful to designers as they change the electronic circuitry 
associated with the laser.  Prior to building the circuit, 
the designer can approximate the overall performance of the 
system and hopefully avoid pursuing designs that are 
inadequate. 
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Table 1 
Parameters for Laser Model 
Model Parameters   Units       Value 
Re a         0.468 
IQ1 A 2.54 x 10"25 
IQ2 A 18.13 x 10"3 
b A-1         6.92 
tns ns         2.25 
D V-1A"1m6 1.79 x 10~29 
a 
RP 
CP 
Sc 
Co 
VD 
Rs 
qVa 
— 0.125 
Q 29.4 
pF 0.102 
cm 1015 
pF 10.0 
V 1.65 
a 2.0 
3 lAcra s 1.02   x   10"25 
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Table 2 
Time Delay for Laser #2 
Single-Sided Switching 
Pulse Width Criterion 
Computer Experimental 
Calculated Time Time 
Ipd I mod Time Delay Delay Delay 
(in mA) (in mA) (in ns) (in ns) (in ns) 
100 7 0.00 0.00 0.0 
90 17 2.00 2.25 1.6 
80 27 3.04 3.50 ,  3.2 
70 37 3.75 4.50 4.6 
60 47 4.28 5.50 5.8 
50 57 4.72 6.25 7.4 
40 67 5.08 7.00 9.8 
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Table 3 
Time Delay for Laser #2 
Single-Sided Switching 
Initial Spike Criterion 
Ipb I mod Calculated Computer Experimental 
(in mA) (in mA) (in ns) (in ns) (in ns) 
100 7 0.00 0.00 0.0 
90 17 2.00 1.57 1.4 
80 27 3.04 2.75 2.6 
70 37 3.75 3.72 3.8 
60 47 4.28 4.61 5.2 
50 57 4.72 5.44 6.6 
40 67 5.08 6.26 8.2 
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Table 4 
Time Delay for Laser #2 
Two-Sided Switching 
Pulse Width Criterion 
Computer  Experimental 
Calculated Time Time 
Ipb I mod Time Delay Delay Delay 
(in mA) (in mA) (in ns) (in ns) (in ns) 
100 7 0.00 0.00 0.0 
90 17 2.00 1.25 0.6 
80 27 3.04 2.00 1.0 
70 37 3.75 2.50 1.8 
60 47 4.28 2.75 2.6 
50 57 4.72 3.25 3.4 
40 67 5.08 3.75 4.0 
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Table 5 
Time Delay for Laser #2 
Two-sided Switching 
Initial Spike Criterion 
Ipb I mod Calculated Computer Experimental 
(in mA) (in mA) (in ns) (in ns) (in ns) 
100 7 0.00 0.00 0.0 
90 17 2.00 0.79 0.8 
80 27 3.04 1.40 1.4 
70 37 3.75 1.91 2.0 
60 47 4.28 2.38 2.4 
50 57 4.72 2.84 3.0 
40 67 5.08 3.29 3.4 
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Table 6 
Time Delay for Laser #2 
(Revised t ) 
Two-sided Switching 
Pulse Width Criterion 
Computer Experimental 
Calculated Time Time 
Ipb I mod Time Delay Delay Delay 
(in mA) (in mA) (in ns) (in ns) (in ns) 
100 7 0.00" 0.00 0.0 
90 . 17 0.79 1.00 0.6 
80 27 1.20 1.25 1.0 
70 37 1.48 1.75 1.8 
60 47 1.69 2.00 2.6 
50 57 1.87 2.50 3.4 
40 67 2.01 3.00 4.0 
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